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SUMMARY
The Djungarian hamster is a photoperiodic mammal which displays a large spectrum
of physiological and behavioral adaptations when transferred from a long photoperiod
(summer) to a short photoperiod (winter). It changes its fur color from summer-
brown to winter-white and decreases body mass from approximately 45 g to below
30 g. Other adaptations are a reduction in body temperature by l'C, and daily
recurrence of liuger drops in body temperature down to 20-15"C which is called daily
torpor. This photoperiodic mammal provides an excellent model to investigate the
influence of changes in photoperiod, ambient temperature, and moderate and large
changes in brain temperature on sleep-wake behavior and the electroencephalogram
(EEG).
Slow oscillations (< 4 Hz) are a dominant feature of the EEG during non-
rapid-eye-movement (NREM) sleep. According to the two-process model of sleep
regulation, EEC power density in this frequency range (slow-wave activity; SWA)
reflects a homeostatically regulated process and is a measure of sleep intensity. The
model postulates that the level of SWA depends solely on the prior history of sleep
and wakefulness and predicts that SWA at the onset of NREM sleep increases with
increasing duration of prior wakefulness and decreases during NREM sleep according
to exponential functions.
Since 24-h baseline data were not available in the Djungarian hamster the first
aim of the present study was to establish a data-set with baseline sleep and sleep
after a short sleep deprivation in a long photoperiod (light:dark 16:8 h; Chapter'2).
After comparison with other species it was concluded that the speed of change in
SWA could depend on brain or body size. Comparison with data obtained in a short
photoperiod (light:dark 8:16 h) showed that sleep was redistributed over 24 h. The
total amount of sleep and waking and sleep homeostasis, expressed in the level of
relative SWA, had not changed (Chapter 3, 4). Absolute EEG power density was
lower in the short photoperiod (Chapter 3), which parallels a phenomenon found in
humans where the percentage of deep NREM sleep (with high levels of SWA) is less
in winter compared to surnrner, as if a reduction in absolute SWA in winter rs a
general phenomenon. The data supported the hypothesis that brain temperature is
influencing REM sleep propensity. Some of the changes can originate from hormonal
differences between animals adapted to a long and short photoperiod.
Sleep and body temperature regulation are closely related. Brain temperature
decreases in NREM sleep and increases in REM sleep. It has been hypothesized that
deep NREM sleep serves a thermoregulatory function in that it cools the brain. A
complementary hypothesis proposed that REM sleep is for heating the brain. The
relationship between brain temperature, vigilance states and SWA were investigated
during baseline, and after 4 hours of sleep deprivation. ln the short photoperiod after
the sleep deprivation the increase in SWA was accompanied by an increase in brain
temperature (Chapter 3). This could not be explained by any hypotheses in rhe
literature. We therefore proposed that there is an optimum temperature for the
process of sleep homeostasis. Detailed analysis revealed that the changes in brain
temperature after sleep deprivation seem to be caused by changes in the increase in
brain temperature during REM sleep (Chapter 4).
Sleep, daily torpor and hibernation are closely related and are thought to
constitute a functional continuum in behavior, metabolism and electrophysiology.
Recently a new hypothesis, based on data from hibernators, challenged this homology
between the three states. It was found that during euthermic periods between
hibernation bouts SWA resembled the SWA after sleep deprivation and it was
proposed that the animals were sleep deprived during hibernation. An alternative
hypothesis proposed that it was the arousal out of hibernation which induced the
increase in SWA.
Chapter 2-4 provided the basis to investigate the influence of daily torpor on
sleep and SWA. SWA after daily torpor was increased compared to the SWA before
entering daily torpor and the SWA in the baseline day as if the Djungarian hamster is
sleep deprived during daily torpor (Chapter 5). Detailed analysis of the EEG showed
that below approximately 2'l'C no euthermic SWA was present in the EEG and that
the euthermic slow-waves were replaced by waves originating from faster frequencies
which were slowed down due to the temperature decrease (Chapter 6 and 7). Helping
the animals warming up out of torpor did not influence the subsequent increase in
SWA, indicating that the arousal does not contribute significantly to the changes in
the EEG (Chapter 7). The increase in SWA correlated significantly with torpor bout
length indicating that it is the duration of the hypothermic period (i.e., the duration of
the absence of enthermic slow-waves), which determines the magnitude of the
increase in SWA (Chapter 7). lt seems that a deprivation of euthermic slow-waves
has to be recovered, and that sleep and daily torpor are in this respect not
homologous.
The data presented in this thesis show that the Djungarian hamster provides a
powerful model to investigate the influence of changes in brain temperature and
photoperiod on sleep. The present analysis demonstrates that changes in temperature
and photoperiod influence the distribution of sleep and waking episodes without
changing the underlying homeostatic sleep process. The investigation of the
interaction between sleep and daily torpor showed that they are functionally
dissimilar and this may give further insight into the regulation and function of sleep.
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